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Abstract 
Aerosol obseivations and analyses by the World Meteorological Organization's Global Atmosphere Watch (WMO GAW) 
are envisioned to play a central role in the evolving Earth obseivation system. The GAW aerosol program coordinates 
obsetvations in three component networks measuring aerosol properties in-situ, vertical profiles, and optical depth. 
Integrated analyses and products derived from these obsetvations are emerging, and more will follow as the networks 
mature. 
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1. Introduction 
The mission of the WMO Global Atmo~phere Watch, 
as summarized in the GAW Strategic Plan1, is to reduce 
envirorunental risks to society and meet the requirements 
of envirorunental conventions; strengthen capabilities to 
predict climate, weather and air quality; and contribute to 
scientific assessments in support of envirorunental policy. 
This mission is accomplished through three primary 
activities: maintaining and applying global, long-term 
observations of the chemical composition and selected 
physical characteristics of the atmosphere; emphasizing 
quality assurance and quality control; and delivering 
integrated products and services of relevance to users. 
The aerosol component of GAW has emphasized the first 
two of these activities to date, and the state of the aerosol 
observing systems has advanced to where integrated 
products are be邸皿ngto emerge. 
GAW aerosol observations fal into three categories: 
in-situ measurements of aerosol chemical, microphysical, 
and radiative properties; ground-based measurements of 
aerosol optical depth; and ground-based measurements of 
aerosol vertical profiles of backscattering and extinction 
with lidar. Coordination of the individual stations and 
networks within each of these categories is the 
responsibility of the GAW Science Advisoiy Group for 
i 
Aerosols (SAG-Aerosol), and much work remains to 
integrate the measurements across the three different 
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categories. The motivation to achieve this integration is 
considerable, however, as new products, such as the Sand 
and Dust Storm Warning Advisory and Assessment 
System, require a synthesis of observations and models in 
near real-time . 
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2. GAW Observing Networks 
In-situ measurement networks. Historically, the 
focus of SAG-Aerosol has been on in-situ 
measurements of aerosol chemical composition, 
radiative properties, and microphysical properties 
(number concentration, size distribution). This focus 
is largely a result of the research interests of the SAG 
members, which together represent the bulk of the GAW 
Global stations making these measurements. 
Emphasis has been on defining measurement priorities 
and sampling protocolsiV, improving measurements of 
aerosol physical properties, and archiving the data in 
World Data Center for Aerosols v_ NOAA has been 
working closely with GAW stations in Canada, China, 
Hungary, Puerto Rico, and South Africa to deploy 
measurement systems that use identical hardware and 
software to measure aerosol light scattering, absorption, 
and number concentration. By using the same 
software, freely available from NOAA vi, station 
operators can focus on measurements and quality 
assurance rather than software development and 
maintenance. The World Calibration Center for 
Aerosol Physicsvii has been conducting 2-3 audits per 
year to help station operators identify and correct 
problems with sampling systems and their calibration, 
organizing workshops for characterization and 
intercomparison of field instruments, and conducting 
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training courses. A corresponding World Calibration 
Center for Aerosol Chemistry does not exist, and 
remains a major gap in the GAW aerosol program. 
Aerosol optical depth networks. The GAW strategic 
objective is a long-term (multi-decadal) and global AOD 
network, with an eventual goal of providing data in near 
real-time for assimilation into global meteorological models. 
At present, there are numerous national and international 
networks monitoring aerosol optical depth using different 
instruments, measurement protocols, and analysis techniques. 
In an attempt to identify these networks and foster 
collaboration and integration, the WMO Secretariat and 
SAG-Aerosol organized a meeting of experts at the World 
Optical Depth Research and Calibration Center 
vii 
(y,/ORCC) in 2004 to review the current state of long-term 
observatJ.onal networks for aerosol 
ix 
optical depth. Ten 
independent networks, with a total of 90 stations, were 
identified as having a continuous record for the past 4 years 
(as of 2004) with a coverage of 50% of the available 
daylight observing opportunity. The identified international 
networks were AERONET (including AEROCAN, 
PHOTONS, AEROSIBNET, which together comprise about 
half of the identified stations), BSRN, GAW-PFR, and 
SKYNET, while national networks were identified in 
Australia, China, Finland, Germany, Japan, Netherlands 
(including Surinam), Russia, and USA. There were 13 
sites where two or more of these networks overlap. 
The prim祖y conclusion of the 2004 meeting is that the 
international coordination of AOD networks is inadequate, 
and that a federation of the diverse networks should be 
coordinated 皿der the WMO/GAW umbrella. A number 
A major benefit of a federated AOD network is in 
facilitating end-user access to multiple network archives. 
Current forecast models, addressing issues such as 
biomass burning, dust, and urban air quality, could use 
AOD as an input if the data were to be available on the 
order of three hours after measurement. 
Lidar networks. The specific objective of the GAW 
Atmospheric Lidar Observation Networe (GALION) is 
to provide the vertical component of aerosol distributions 
through advanced laser remote sensing in a network of 
ground-based stations. The aerosol observed properties 
include the identification of aerosol layers, profiles of 
optical properties with known and specified precision 
(backscatter and extinction coefficients at selected 
wavelengths, lidar ratio, Angstrom coefficients), aerosol 
type (e.g. dust, maritime, fire smoke, urban haze), and 
microphysical properties (e.g., volume and surface 
concentrations, size distribution parameters, refractive 
index). GALION is intended to provide sufficient 
coverage, resolution, and accuracy to establish 
comprehensive aerosol climatology, to evaluate model 
perfonnance, to asist and complement space-bome 
observations, and to provide input to forecast models of 
"chemical weather". 
Similar to the AOD network, GALION is conceived as 
a federation of seven regional lidar networks, totaling 
aro皿d I 00 sites, which depends completely on voluntary 
contributions from the various existing networks (most of 
which, themselves, are based on voluntary cooperation) 
plus contributions from individual stations. These 
contributing networks have goals that may be independent 
of recommendations were made, and a stan血g of GAW, and a prerequisite for the success of GALION is
sub-committee of SAG-Aerosol has been formed to oversee that the contributing networks meet GA W's requirements 
implementation of these recommendations. Highlights of for consistency of data, insured quality, and enhanced data 
these recommendations include: 
-Development of common data policy agreements, 
technical standards, and strategy to fil spatial gaps in 
observations sites; 
-Contributing networks should become traceable to 
WORCC through intercomparisons of representative 
instruments or co-location at specific GAW sites; 
-All networks should maintain an internal calibration 
hierarchy that can provide an uncertainty of0.015 optical 
depth at unit air mass, corresponding to a calibration 
accuracy and stability of 1.5%; 
-A quality control and assurance manual should be 
prepared by a group of experts describing how the above 
data quality requirement is achieved; 
distribution. To improve the coverage in areas with 
significant aerosol load, the networks will make efforts to 
accept new members operating at suitable locations and 
provide as much support as possible. 
The observations within GALION serve different 
purposes requiring different operational characteristics. To 
establish a useful climatology it is necessary and sufficient 
to make regular measurements on a fixed schedule, thus 
avoiding a strong bias towards "blue sky" conditions. 
There is evidence that two measurements per week are 
sufficient for this purpose, so the minimum requirement 
for GALION is to perform measurements every Monday 
and Thursday. Because diurnal changes in the atmosphere 
require observations to be made at comparable local times, 
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and because some lidar systems are best operated at low 
levels of ambient light, it is suggested to perform these 
measurements in a time slot of a few hours around sunset. 
3. Network Integration 
Each of the three components of the GAW aerosol 
program (in-situ, AOD, lidar) have plans for integrating 
the measurements and data products from the 
contributing partners to that component. The focus in 
the near-term is to implement those plans, so that GAW 
becomes the source where users can tum for easy 
access to data of known, high quality. Looking 
beyond that near-term efort, issues of integration of the 
data across the component networks raise a different 
set of questions. While a handful of GAW stations 
make measurements of al three components, the more 
common case is that stations make measurements of 
only one, or perhaps two, of the components. This 
situation is unlikely to change anytime soon, as the 
goals and financial support of contributing stations 
place strong constraints on what can be measured. 
What is needed, then, is a strategy for merging data 
from stations in the same regions that are not 
co-located. A first step could be an analysis, using 
regional models like W屈Chem xi , of the 
auto-correlation scales of aerosol properties. Such an 
analysis can be used to determine the feasibility of 
combining, for example, climatologies of aerosol 
composition from in-situ stations, optical depth from 
other sites, and vertical profiles from yet other sites in 
the region, in order to attribute the derived aerosol 
radiative forcing to various types of aerosol sources. 
Another aspect of network integration involves 
companion networks to GAW. An important 
example is the Baseline Surface Radiation Network , xi 
which monitors the radiative fluxes that are strongly 
affected by the aerosols monitored in the GAW aerosol 
networks. Few BSRN stations are co-located with 
GAW stations, leading to network integration issues 
s血ilar to those faced by the GAW component 
networks. 
4. Integrated Analyses and Products 
The ultimate success of GAW comes when the data 
that are so painstakingly acquired by the contributing 
stations are put to use. To date, the prim町 use of 
GAW aerosol data has been as the basis for research 
publications on aerosol properties and their spatial 
distributions, source, transformation, and removal 
processes, as well as for validation of aerosol products 
retrieved from satelite observations. GAW data are 
being used to evaluate model predictions of aerosol 
distributions, for example, by the "Aerosol 
Comparisons between Observations and Models 
(AEROCOM)" projectxii. For the most part, these 
applications rely on a data from individual stations or 
from just one of the component networks of GAW. 
Even greater benefits of GAW data will be realized 
when results from multiple component networks are 
integrated together, with satelite observations, and with 
global models. 
Sand and dust storms. WMO istaking a lead with 
international partners to establish the Sand and Dust 
Storm Warning Advisory and Assessment System 
(SDS-WAS) to develop, refine and provide products to 
the global community useful in reducing the adverse 
impacts of sand and dust storms and to assess impacts 
of the SDS process on society and nature . xiv 
Model integration. As a consequence of the 
influence of aerosols on radiation, clouds, and 
precipitation, numerical models are evolving towards 
assimilation of aerosol observations in near real-time to 
improve their forecasts. An example of such an effort 
is the EU-funded "Global and regional Earth-system 
(Atmosphere) Monitoring using Satellite and in-situ 
data (GEMS)" project xv , which is developing 
comprehensive data analysis and modelling systems 
for monitoring the global distributions of atmospheric 
constituents important for climate, air quality and UV 
radiation, with a focus on Europe. While the 
assimilation efforts have primarily used satelite 
observations, there is clearly an opportunity for GAW 
data to be used to improve models provided the data 
can be provided in near real-time. 
5. Conclusion 
GAW aerosol observations and analyses are 
envisioned to play a central role in the evolving Earth 
observation system. The intergovernmental ad hoc 
Group on Earth Observations (GEO), which has the 
goal of furthering the creation of a comprehensive, 
coordinated, and sustained Earth observing system, 
relies on the Global Climate Observing System 
(GCOS)xvi and the Integrated Global Atmospheric 
Chemistry Observation (IGACO) themexvii to deliver 
measurements and integrated analyses of atmospheric 
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aerosols. The GAW aerosol program has a long way 
to go before this vision is realized. One of the first 
steps along the way wil be for the component GAW 
aerosol networks to satisfy the ten GCOS Climate . 
XVIII Monitoring Principles . 
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